Abstract An alphasatellite DNA associated with Okra enation leaf curl virus (OELCuV) which causes enation and leaf curling in okra (Abelmoschus esculentus) plants was characterized. The full-length DNA comprises 1,350 nucleotides and shows typical genome organization of an alphasatellite. It shows the highest nucleotide sequence identity (79.7 %) to Hollyhock yellow vein virus-associated symptomless alphasatellite (HoYVSLA). This is the first report of the association of an alphasatellite with OELCuV from India.
Introduction
Begomoviruses in the family Geminiviridae are transmitted by the whitefly vector Bemisia tabaci. The geminate particles of begomoviruses encapsidate a small circular singlestranded DNA genome that can be either monopartite (DNA A) or bipartite (DNA A and DNA B). In some cases the monopartite begomoviruses are associated with additional single-stranded circular DNA components, which are half the size of DNA A namely betasatellite and/or alphasatellite [10] . Okra or bhendi (Abelmoschus esculentus) is cultivated in tropical, subtropical, and warm temperate regions around the world. In Africa, the leaf curl diseases of okra are caused by a complex of begomoviruses consisting of Cotton leaf curl Gezira virus (CLCuGV), Okra yellow crinkle virus (OYCrV), and Hollyhock leaf crumple virus (HoLCrV), associated with Cotton leaf curl Gezira betasatellite (CLCuGB) and Cotton leaf curl Gezira alphasatellite (CLCuGA) [12] . In India, bhendi yellow vein mosaic disease is caused by Bhendi yellow vein mosaic virus associated with Bhendi yellow vein mosaic betasatellite [5] . Recently Venkataravanappa et al. [13] have reported the emergence of OELCuV associated with a betasatellite. In the present study we report the presence of a novel alphasatellite associated with OELCuV from Surat, India.
Methodology
Okra plants showing enation and leaf curling symptoms were collected from okra fields in Surat, India in 2011. A modified method of Chen and Ronald [2] was used for isolating total DNA from the infected okra plants exhibiting the symptoms.
Rolling circle amplification was performed using u29 DNA polymerase (Fermentas) on total DNA isolated from the diseased plants as template using the following protocol: 20-50 ng of total DNA was mixed with u29 enzyme buffer, dNTPs (1 mM), and exo-resistant random hexamers (50 lM) and denatured for 3 min at 95°C, and then allowed to cool gradually to room temperature. Next, 0.02 U of pyrophosphatase and 6-8 U of u29 DNA polymerase were added and incubated at 30°C for 18-20 h. Finally, the enzyme was inactivated by incubating at 65°C for 10 min. The RCA product was run on a 1 % agarose gel to confirm amplification.
The high molecular weight u29 DNA polymerase rolling circle amplification product was digested with HindIII. Digestion was carried out for 3 h at 37°C with 5 U of enzyme. The product was run on a 1 % agarose gel, which showed the presence of *2.7 and *1.4 kb digestion products which were gel eluted and cloned into pBSIIKS? vector digested with HindIII to create pBKS enation A DNA Surat and pBKS satellite DNA Surat, respectively. Both the clones were confirmed by restriction digestion and sequenced.
Sequencing results were assembled and analyzed using EMBOSS GUI [9] . The ORFs present in the DNA were predicted using the ORF finder program available at http://www.ncbi.nlm.nih.gov/projects/gorf/ and confirmed by similarity search using BLAST [1] . FASTA (http://www. ebi.ac.uk/) analysis [8] was used for selecting the related sequences (Table 1) , which were used for multiple sequence alignment with ClustalX 2.1 [6] and subsequently the phylogenetic tree was constructed by neighbor-joining method [11] with bootstrap value [3] of 1,000 in order to determine the reliability of the trees.
Results
The complete nucleotide sequence of the clone pBKS enation A DNA Surat was identified as 2,741 nt (NCBIgenbank Okra KC342220). It shares the highest nucleotide sequence identity (99.3 %) to Okra enation leaf curl virus-[India:Munthal EL32:2006]. Based on the species demarcation threshold (\89 %) for begomoviruses [4] , it is an isolate of Okra enation leaf curl virus from Surat. The complete nucleotide sequence of the clone pBKS satellite DNA Surat was identified as 1,350 nt (ENA accession [7] . A phylogenetic tree was constructed ( Fig. 1) and OELCuA was shown to be clustering with HoYVSLA and Okra leaf curl-associated DNA 1 (OLCuA). This is the first report of association of an alphasatellite with OELCuV which causes enation and leaf curling in okra plants in India.
